X-ray absorption spectroscopy of the zinc site in tRNA-guanine transglycosylase from Escherichia coli.
A key step in the post-transcriptional modification of tRNA with queuine in Escherichia coli is the exchange of the queuine precursor, preQ1 into tRNA. This reaction is catalyzed by tRNA-guanine transglycosylase (TGT). We have previously shown that the E. coli TGT is a zinc metalloprotein [Chong et al. (1995) Biochemistry 34, 3694-3701]. Site-directed mutagenesis studies indicated that cysteines 302, 304, 307 and histidine 317 constitute the four ligands to the zinc. The involvement of histidine 317 is somewhat confounded by the presence of histidine 316. We have examined the zinc site in TGT (wt) and TGT (H317C) by X-ray absorption spectroscopy. The TGT (wt) data are most consistent with a tetracoordinate zinc with one nitrogen and three sulfur ligands. Interestingly, the data for TGT (H317C) are also consistent with a tetracoordinate zinc with one nitrogen and three sulfur ligands. The outer shell imidazole scattering for TGT (H317C) appears to be somewhat more ordered than that for TGT (wt), consistent with our previous suggestion that the wild-type enzyme may exist in two conformations the predominant one involving histidine 317 liganding to the zinc and the minor conformer involving histidine 316 liganding to the zinc. The minor conformer, with histidine 316 coordinating the zinc, appears to have an overall conformation that is subtly different from that of the wild-type enzyme. While TGT (H317C) has kinetic parameters very similar to the wild-type, it does not form the homotrimer quaternary structure of the wild-type. TGT (H317A) has previously [Chong et al. (1995) Biochemistry 34, 3694-3701] been found to contain a significant amount of zinc, but is essentially inactive. This suggests that careful analysis of EXAFS data can reveal subtle conformational changes in metal binding sites that are not observed in more common probes of protein conformation such as CD spectroscopy.